The periodic spectroscopic events in η Carinae are now well established and occur near the periastron passage of two massive stars in a very eccentric orbit. Several mechanisms have been proposed to explain the variations of different spectral features, such as an eclipse by the wind-wind collision boundary, a shell ejection from the primary star or accretion of its wind onto the secondary. All He II λ4686 in η Car 3 of them have problems explaining all the observed phenomena. To better understand the nature of the cyclic events, we performed a dense monitoring of η Carinae with 5 Southern telescopes during the 2009 low excitation event, resulting in a set of data of unprecedented quality and sampling. The intrinsic luminosity of the He II λ4686 emission line (L ∼ 310 L ⊙ ) just before periastron reveals the presence of a very luminous transient source of extreme UV radiation emitted in the wind-wind collision (WWC) region. Clumps in the primary's wind probably explain the flare-like behavior of both the X-ray and He II λ4686 light-curves. After a short-lived minimum, He II λ4686 emission rises again to a new maximum, when X-rays are still absent or very weak. We interpret this as a collapse of the WWC onto the "surface" of the secondary star, switching off the hard X-ray source and diminishing the WWC shock cone. The recovery from this state is controlled by the momentum balance between the secondary's wind and the clumps in the primary's wind.
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INTRODUCTION
The stellar object η Carinae (HD 93308; hereafter η Car) is one of the most luminous and massive of our Galaxy. Since its Great Eruption in 1843 (Smith & Frew 2011) , it has been frequently observed at a variety of wavelengths. This object has a central source enshrouded by thick ejecta, which, on one hand, precludes a clear view of the central engine, but, on the other hand, displays dynamical and chemical indications of a probable hypernova progenitor (Paczynski 1998; Smith et al. 2007) .
The spectrum of η Car is rich in low excitation forbidden and permitted lines (Thackeray 1953) , as well as high excitation forbidden ones (Damineli et al. 1998 , and references therein), which temporarily disappeared in 1948, and again in 1965, 1981, 1987 and 1992 . These "spectroscopic events" (Gaviola 1953; Rodgers & Searle 1967; Thackeray 1967; Zanella et al. 1984) or "low excitation events" (Damineli et al. 1998) were originally believed to be part of S Doradus cycles, commonly seen in other luminous blue variable stars (LBV) similar to η Car. This interpretation seemed to be supported by the observations of the He I λ10830 line, which reached minimum (Damineli 1996) close to the maximum of the near-infrared light curve (Whitelock et al. 1994) . However, the spectroscopic events were demonstrated to be strictly periodic (Damineli et al. 2000) , in contrast to the incoherent variations characteristic of S Doradus oscillations.
Periodic minima are in fact observed throughout the electromagnetic spectrum -in doubly ionized forbidden, permitted and UV pumped lines in the optical and UV bands; in near-infrared continuum flux; in X-ray flux; and in mm and cm radio flux. The presence of a binary system ) accounts for the strict periodicity of these minima (Corcoran 2005; Fernandez Lajus et al. 2010; Damineli et al. 2008b ). In the binary scenario, the primary star is the most luminous member of the system. It is moderately evolved (in the LBV phase) and has a slow (∼ 500 km s −1 ) and dense wind in which the low excitation lines are formed (Hillier et al. 2001 . The companion star is not detected in the spectrum, being less luminous, less massive, hotter and with a fast (∼ 3000 km s −1 ) wind (Corcoran 2005) . The orbit is very eccentric and may even be higher than e = 0.9. At apastron, the secondary star would be placed on our side of the primary, since the Weigelt blobs -which are circumstellar material located ∼ 0.3 arcsec from the central source at our side of the system (Weigelt & Ebersberger 1986; Weigelt et al. 1995 ) -display a high excitation state during most of the orbital cycle (Davidson et al. 1997; Dorland et al. 2004; Smith et al. 2004 ). The high excitation forbidden lines are absent from the spectrum for a relatively brief time (∼ 6 months) when the system is close to periastron (Damineli et al. 2008a ). Moreover, Xray observations indicate that the column density (N H ) is lower toward apastron (Hamaguchi et al. 2007 ), indicating that the WWC shock cone is opened toward our direction at those phases. However, some authors have suggested different system orientations (Abraham et al. 2005; Soker 2005; Kashi & Soker 2008; Falceta-Gonçalves & Abraham 2009 ). Nevertheless, the binary scenario has gained support from many analyses (Ishibashi et al. 1999; Pittard & Corcoran 2002; Okazaki et al. 2008; Parkin et al. 2009 Parkin et al. , 2011 .
The suggestion of a wind-wind collision (hereafter WWC; Damineli et al. 1997; Damineli 1997) explains the excess X-ray emission as compared to other binaries containing hot luminous components, especially at energies greater than 2 keV. Ishibashi et al. (1999) , using the analytical model of Usov (1992) , were able to account for the main features in the X-ray emission and for the general behavior of the X-ray light curve, in particular, the increase in the X-ray flux just before periastron. They attributed the rapid drop in X-ray flux at periastron to an increase in the column density (N H ) of the intervening gas from the primary star in the line-of-sight, as the secondary star moved behind the primary. The duration of the X-ray minimum, however, was too long compared to the predictions of the analytical model, and an ad hoc disk around the equator of the primary star was suggested as an additional source of obscuration (Ishibashi et al. 1999) . However, Damineli et al. (1999) noted that an eclipse could not produce simultaneously a minimum in X-rays and in the high excitation lines, which are located at different distances and directions relative to our line-of-sight, but which disappear at nearly the same time.
Alternative models assumed transient phenomena (2011): (a) the inner ±15 × 10 14 cm of the system at apastron and (b) the inner ±3 × 10 14 cm of the system at periastron. For comparison, the small box at the bottom of panel (a) has the same dimensions as the entire figure in panel (b). In both panels, the thick arrow indicates the observer's line-of-sight corresponding to a longitude of periastron ω = 243 • (the observer is located to the lower left).
around periastron to explain the disappearance of X-rays -e.g., shell ejection (Davidson et al. 2005) , accretion onto the secondary companion (Soker 2003 (Soker , 2005 Soker 2007) , but all of them face problems when confronted with the whole set of observational data. This is due to the fact that the spectroscopic cycle (i.e. the time interval between two consecutive disappearances of doubly ionized lines or narrow components in He I lines) has two components: a "slow variation" and a "collapse" (Damineli et al. 2008a) . Each component affects the cycle in a different way. The "slow variation" component is seen along the whole spectroscopic cycle as a smooth periodic modulation in the radio emission and in the intensity of low-excitation spectral features (e.g. singly ionized lines and the near infrared emission). The minimum of the "slow variation" component is centered at φ ∼ 0.07 7 . The "collapse" component regulates the intensity of the high-energy features (e.g. X-rays, doubly ionized lines) with a minimum centered at φ ∼ 0.03. Since the spectroscopic cycle is composed of these two components, any short-lived mechanism (shell ejection, accretion etc.) invoked to explain the "collapse" would not be able to also explain the "slow variation" component.
Modeling the wind-wind collision seems to be a viable option to derive the orbital parameters. Many models to explain the physics of the WWC have been presented, including 2D and 3D numerical simulations (Pittard & Corcoran 2002; Okazaki et al. 2008; Parkin et al. 2009 Parkin et al. , 2011 . For reference, Fig. 1 shows the WWC from a 3D model Parkin et al. (2011) in which we have identified the main regions and structures discussed in the following sections. Groh et al. (2010) showed that a 7 In this paper, phase φ is given by φ = (JD − JD 0 )/2022.7, where JD 0 = 2, 452, 819.2 is the time when the narrow component of He I λ6678 reached its minimum value during event #11. 3D numerical smoothed-particle hydrodynamics model (Okazaki et al. 2008 ) could successfully explain the high velocity absorption component (v 2000 km s −1 ) seen in He I λ10830 near periastron. This high-velocity feature requires a large column density of high velocity gas in the line-of-sight, and they derived a periastron longitude ω = 240
• − 270
• (consistent with an orientation such that the companion is on the near side of the primary at apastron) and orbital inclination i = 40
• − 60
• . The He I λ10830 line is emitted close to the WWC apex, which revolves very rapidly at periastron. Modeling of the spatially resolved forbidden line emission led to a similar longitude of periastron (Gull et al. 2009 Madura et al. 2011) .
In η Car, the detection of He II λ4686 emission (Steiner & Damineli 2004 ) provided a new tool with which to study the wind-wind collision Abraham & Falceta-Gonçalves 2007) . Steiner & Damineli (2004) found that this emission is present throughout the entire 5.538-yr cycle, but at a low intensity level (equivalent width, |EW| < 0.1Å) for most of the orbit. The intensity of the line rises suddenly by one order of magnitude near φ = 0 and then sharply decreases to zero, after which the intensity reaches a lower peak and then declines. The intrinsic luminosity emitted in this spectral line (after correction for interstellar and circumstellar extinction) is greater than the maximum unabsorbed X-ray luminosity in the 2 − 10 keV band (∼ 67 L ⊙ , Ishibashi et al. 1999 ). An ultraviolet source with ∼ 10 4 L ⊙ at energies higher than the He + ionization limit (54.4 eV) is needed to populate the upper level of this line. Keeping in mind that the line formation process for this line has a low efficiency (∼0.3 per cent, as derived by Martin et al. 2006 , and the present paper), then the He II λ4686 line reveals a powerful transient energy source in the central region of the system, a peculiar state which encouraged us to study this spectral line in greater temporal detail.
The He II λ4686 line has been studied in other colliding wind binaries such as HD5980 (Koenigsberger et al. 2010; Breysacher & François 2000; Moffat et al. 1998 ), V444 Cygni (Marchenko et al. 1997; Flores et al. 2001 ), WR127 (de la Chevrotière et al. 2011) , and R145 (Schnurr et al. 2009 ). In those systems, it is not easy to isolate the contribution from the WWC, since the stellar winds themselves make an important contribution to the emission (e.g. in the case of V444 Cygni, the WWC region contributes only ∼ 10 per cent of the He II λ4686 emission; Marchenko et al. 1997; Flores et al. 2001) . Since the line emission is very faint far from periastron in η Car, the emission around periastron can be associated entirely with the WWC. There are other examples of spectral lines being formed exclusively in the WWC in other WC+O binaries, like the C III λ5696 excess in WR140 (Fahed et al. 2011 ), Br22 (Bartzakos et al. 2001) , and θ Mus (Hill et al. 2002) .
There are only two plausible regions in the system that could produce the observed He II λ4686 emission near periastron in η Car: the shocked stellar wind of the primary or that of the secondary star. The latter seems insufficient to produce enough He ++ ions for recombination due to its high temperature and low density ) whereas the former seems to have the most favorable physical conditions (e.g. density, temperature and velocity field) for that process to occur. Martin et al. (2006) showed that UV photons with hν > 13.6 eV could ionize He + excited to the n=2 level to He ++ and that Hydrogen-Lyα could also excite He + ions from the n = 2 to n = 4 level, which would produce the He II λ4686 line via electronic cascade. This could happen along the WWC region, where the gas has a relatively low temperature (T < 10 5 K). Therefore, the He II λ4686 emission would be somewhat connected to the hard X-ray source, but not spatially coincident with it, and the temporal behavior of both emissions should be similar. Also, the secondary star evacuates a cavity in the primary's wind near periastron, which could provide an additional source of UV photons from the inner wind of the primary. However, this emission would probably deliver much less energy than is required to power the He II λ4686 line: |EW| ∼ 0.1Å .
The main goal of our observing campaign is to constrain the physical emission mechanism and to determine the particular location of the He II λ4686 emitting region. The present paper is organized as follows. In §2, the observations and data processing are presented. In §3, the adopted methodology for measuring the equivalent width and velocities of the He II λ4686 line are shown. In §4 we present the results and in §5 the discussion. Finally, our main conclusions are shown in §6.
OBSERVATIONS AND DATA REDUCTION
We used the terminology of Groh & Damineli (2004) in naming the cycles: #1 starts in 1948 (the first low excitation event recorded by Gaviola 1953 ) and the last one in 2009, which is cycle #12. In this paper, we use the term "low excitation event" (or just "event") to refer to the disappearance of high excitation spectral lines, which are used to define the spectroscopic cycle. We also used the term "spectroscopic cycle" to refer to the time interval between two consecutive low excitation events (5.538 yr; Damineli et al. 2008a ). The time of periastron passage is not known so we assign φ = 0 to the minimum of the narrow component of the He I λ6678 emission line, which occurred on JD=2,452,819,2 for event #11 (Damineli et al. 2008b) . We follow those authors also for the period length (P = 2022.7± 1.3 days), determined by minimization of residuals when folding light curves around the minimum in cycles #9, #10 and #11. This period is very robust, since it is based on the best sampled light curves, including the X-ray, optical, and nearinfrared broad band light curves, and from variations in the strengths of several spectral lines. Table 1 .
Daily monitoring of the optical spectrum of η Car was carried out at SOAR from 2008 December 21 through 2009 January 23. After that, data were obtained once per month. The Goodman optical spectrograph was used to obtain spectra with spectral resolving power R ∼ 2800 (3 pixels) in the range λλ3500-6850Å. All the observations were performed using the 0.45 arcsec-wide slit aligned with the parallactic angle. For each visit, a hot standard star (HD 303308; O4.5 V((fc)); Walborn et al. 2010; Sota et al. 2011 ) was observed to correct for telluric lines and for low-frequency variations in the detector response along the spectral dimension. Processing, reduction, and calibration of the SOAR data were done using the standard long-slit spectroscopic packages of iraf 8 (Tody 1993) . The 1D spectrum was extracted using the iraf package doslit and the spatial extraction aperture was about 1.5 arcsec for all the SOAR spectra. Performing extractions with apertures as large as 4.5 arcsec does not introduce any significant change in either the He II λ4686 line profile or in the measured equivalent widths. Before or after each set of observations of η Car, 2 exposures of an HgAr/CuAr lamp were obtained for wavelength calibration.
The FEROS (fiber-fed extended-range echelle spectrograph) data were obtained at the 2.2 m telescope (Max Planck Institute). FEROS delivers data with resolving power R ∼ 48000 (2 pixels) and spectral coverage from 3700 to 8600Å in a single exposure. It uses two fibers with diameter of 2 arcsec separated by 2.9 arcmin. The processing, reduction, and calibration were performed using the FEROS standard reduction pipeline, which is described in Kaufer et al. (1999) .
Spectra were also measured at the Coudé focus of the 1.60 m telescope of the Pico dos Dias Observatory (OPD/Brazil), with R ∼ 10000 (2 pixels). & Rauw 2008) was also observed to correct the shape of the continuum for the variations in the instrument's response. The size of the extraction aperture for the OPD data was about 2 arcsec. A ThAr spectrum was obtained immediately preceding or following the η Car observations for wavelength calibration.
We also obtained spectra at the 6.5 m Magellan telescope located at Las Campanas Observatory, using thé echelle spectrograph MIKE, with R ∼ 25000 (2 pixels) in the blue region. MIKE's data processing was performed by cutting from the rawéchelle images only the orders that contained the He II λ4686 line and its continuum region (orders from 75 to 78). Using this approach, we could process, reduce, and calibrate the data using typical iraféchelle routines. For those data, we used the spectrum of a hot standard star (HD 303308, the same one used for the SOAR dataset) for a first rectification of the low-frequency variations along the spectral dimension.
Spectroscopic data were also obtained with the EBASIM and REOSC spectrographs at the CASLEO Observatory 2.15 m telescope. Both areéchelle spectrographs with R ∼ 42000 and R ∼ 12000, respectively. The data reduction and processing were performed using standard IRAF tasks foréchelle data.
The signal-to-noise ratio of the data from the 2009.0 campaign was always higher than 100 for all these observations, frequently reaching S/N∼250. #9 (1992.5) , #10 (1998.0) and #11 (2003. 5) The data from previous events shown in the present paper were obtained at the Coudé focus of OPD and with the FLASH/HEROS spectrograph at the ESO 0.52 m telescope (events #9 and #11; we would like to remark that the ESO dataset for event #9, used in the present work, was wrongly assigned to OPD in Steiner & Damineli 2004 ). Spectra were also taken on 1997 November and December, and 1998 February and March, at the Coudé focus of the 1.9 m telescope of the Mount Stromlo and Siding Spring Observatory (MSSSO) with R ∼ 60000 in the range from 4346 to 4935Å (McGregor et al. 1999 ).
Previous events:

MEASUREMENT METHODOLOGY FOR THE He II λ4686
LINE
In order to have a homogeneous dataset and to minimize systematic errors, we first identified the region to be considered as the He II λ4686 reference continuum. Fig. 2 illustrates the regions we adopted for the integration and continuum, which were set to a small wavelength interval (3Å wide) near 4610Å and 4740Å. Since the spectra were previously flattened using the spectrum of a hot star, the continuum in this range is well represented by a linear fit, and the equivalent width was measured by direct integration of the line profile in the range from 4675 to 4694Å. The regions defined in this work for the line integration and continuum are very similar to those adopted by Martin et al. (2006) Data from the 3 previous events are over plotted as empty symbols, and folded with a period of P=2022.7 days. Each local peak discussed in the text are labeled in this figure as P1, P2 and P3. The inset panel shows the mean value of the equivalent width around peak P2 for event #11 (solid line) and #12 (dotted line) and illustrates that the peaks do not seem to be phase-locked. Indeed, for event #12, P2 occurred ∼ 4 days before the phase observed for event #11.
scope (HST ) data.
In order to have a robust determination of the radial velocity of the line peak, we used a two gaussian model to fit the integration region of the line profile, since a single gaussian profile did not reproduce the line profile over the integration region across the low excitation event, especially when the equivalent width reaches its maximum value near φ = 0. Fig. 2 shows the two gaussian components used to fit the He II λ4686 line profile. The resulting 2-component fit was then used to find the wavelength at which the line profile reaches its peak intensity. Note that, since we are interested only in the radial velocity of the line peak, the line wings, which are much more extended, do not influence the derived velocity of the line peak. All of the radial velocities measured in the present paper are in the heliocentric frame.
The main source of uncertainties in the methodology for measuring the equivalent width is the normalization of the continuum. Data obtained inéchelle mode suffer from order overlap and corrections for this overlap are crucial for tracking the real stellar continuum. We normalized the echelle spectra in two steps. First, we divided the flat-fielded spectrum by the continuum of a hot star, then we applied a parabolic fit to finally rectify the continuum. We rejected data in which the rectified continuum showed low-frequency variations greater than 1 per cent.
As mentioned previously, the wavelength calibration was obtained using comparison lamps. It is impossible to ascribe a single representative error to the entire observational dataset because each instrument has its own characteristics, reduction procedure and calibration methods. However, we checked the reliability of our procedure by comparing multiple observations taken on different telescopes in the same night. Discrepancies in velocity are smaller than 50 km s −1 . Equivalent width measures from different telescopes at similar phases are also in quite good agreement.
We claim that our set of He II λ4686 spectra is the most accurate reported so far. It has the best time sampling over the last two events (#11 = 2003.5 and #12 = 2009.0) in addition to some data for cycles #9 and #10. Also, ground based spectra -because they are spatially unresolved -are very robust for time variation studies, since most of the emission comes from ∼ 1 arcsec around the central source, which is blurred by the seeing so that the ground based slit is always sampling the relevant emitting region.
The absence of He II λ4686 emission on MJD 52852 reported by Martin et al. (2006) might be caused by a bad datum or a real momentary fading of the line. Despite the fact that we cannot directly compare the results because we do not have simultaneous ground-based data, we call attention to the fact that our monitoring along 3 cycle (#9, #11 and #12) always show this line in emission, confirming that P3 is a repeatable feature. Anyway, this point can be clarified in the next event (in 2014.6).
RESULTS
The observed He II λ4686 equivalent width curve is shown in Fig. 3 , which presents data for the last four events (#9, #10, #11 and #12) using the following ephemerides:
where JD 0 = 2, 452, 819.2 (time of minimum intensity of He I λ6678; Damineli et al. 2008b ) and E is the cycle+phase count. We focused on a time interval ranging from 2 months before up to 4 months after φ=0. In this paper, we use the word "day" as a reference to the number of days before (indicated by a minus sign) or after (plus sign) φ=0 for each cycle. The 2003.5 spectra used to measure the equivalent width and radial velocities shown in this paper are the same as those presented in Steiner & Damineli (2004) but reduced according to the procedures described in §2 in order to keep the whole set of data as homogeneous as possible. Fig. 4 shows that He II λ4686 was detected with EW∼ −0.1Å in a spectrum taken at the OPD telescope on 2008 May 08, about 8 months before the low excitation event, and also at the same strength in another spectrum taken 17 months after φ=0, on 2010 June 20 (using the same telescope and instrumental configuration). Another spectrum, taken on 2011 July 11, at φ = 12.451 -almost apastron -also shows a very faint emission, which may be He II λ4686. These observations 9 suggest that He II λ4686 is present, except for a 5 day interval after the start of the spectroscopic event, along the whole 5.538-yr cycle (Steiner & Damineli 2004) , though Martin et al. (2006) claimed that this line is not present at any phase outside the low excitation event. The observed continuum-normalized time series spectrum of η Car in the region λλ4660 − 4710 is shown in Fig. 5 . In that figure, we interpolated the spectra in phase to show the temporal evolution of the He II λ4686 emission line. Notice that Fig. 5 mainly reflects the progression of the cycle #11 to #12 since data are sparse for other cycles.
A major feature in the intensity curve for event #12 is the presence of 3 local maxima (labeled in Fig. 3 and 5 as P1, P2 and P3). The first local maximum, P1, occurred about day −26, and showed a conspicuous peak with EW= −2.30Å. The second local maximum, P2, occurred between day −10 and −5, and during this time interval, the mean equivalent width was about −2.5Å. After day −5, the equivalent width of the line rapidly decreased to zero and it completely disappeared by day +5. From day +5 to +10 the equivalent width was zero. After day +10 it started to increase again, to a local maximum value of −1.2Å (P3) at day +40, and then decreased to −0.1Å after day +115. The rate of decrease of the EW just before minimum was about −0.3Å per day and the e-folding time scale in the fading phase (after P2) was ∼ 2 days.
There are only a few sparse data near the low excitation event for cycles earlier than cycle #12 (except for cycle #11 in 2003.5, as shown in Steiner & Damineli 2004) ; despite this we can see that the general behavior 9 Notice that none of them are included in Fig. 3 because they are far from the low excitation event.
of the equivalent width of the He II λ4686 line repeats faithfully from cycle to cycle. Peaks P1 and P2, however, do not seem to be phase-locked: for event #12, P2 (the best time sampled peak) occurred ∼ 4 days before the phase in which it was detected in event #11 (see inset in Fig. 3) . Although there were no data in the earlier cycles corresponding to the phase of the peak P3 maximum, the behavior of the line equivalent widths observed in the 1992.5 and 2003.5 events (see Fig. 3 ) suggests that P3 is a phase-locked feature.
where D is the distance to the system (2.3 kpc), EW He II λ4686 is the equivalent width of the He II λ4686 line (measured in the present work), and f 0 λ4686 is the intrinsic flux from the central source near λ = 4686Å. We assume that f 
where A B is the extinction in the B band. However, since we have no direct measurement of A B , we adopt the usual value for A V Hillier et al. 2001 ) to obtain A B using the following linear relation from Cardelli et al. (1989) :
where a(λ) and b(λ) are constants which depends on the wavelength and, in the present work, need to be evaluated in the B band region (λ = 4500Å). The secular brightening of η Car has been interpreted as a decrease in extinction (see van Genderen et al. 2006) , probably due to a expansion in the circumstellar shell, so we need to estimate the decrease of A V with time. In 1998, in the line of sight to the central source there were about A V = 7 magnitudes of total extinction (interstellar and circumstellar; Hillier et al. 2001 ) from which ∼ 2 magnitudes were due to gray extinction associated with large grains around the central source. 47 He II λ4686 photons per second). We cannot claim that there is a real difference in the intrinsic luminosity, since the extinction might have varied in shorter time scales than we adopted. These luminosities are probably lower limits to the true line luminosity since the adopted correction for extinction is only a simple estimate, and because obscuration by the wind of the primary star could also be significant.
Radial velocities
During most of the spectroscopic cycle, the radial velocity of the line peak was close to zero. Near the low excitation event, there were two regimes for the rate of change in the radial velocity (shaded areas R1 and R2 in Figure 6b ). Region R1 is near day −90 when the radial velocity of the line peak changed at a daily rate of about −2 km s −1 (shifting from −50 km s −1 on day −67 to about −150 km s −1 on day −17). The first peak in the equivalent width (P1) occurred during this time interval, on day −26. The second regime (R2) started on day −17 and was observed until the line completely disappeared, on day +6. During this time interval, the rate of change in the radial velocity of the line peak was almost seven times greater than in the previous interval: it started at −150 km s −1 on day −17, and reached −450 km s −1 on day +5, a change of nearly 14 km s −1 per day. Between day +6 and +15 the line could not be measured.
The general behavior of the He II λ4686 radial velocity suggests that this line is formed in the WWC region, in the interval from 2 months before to 2 months after the minimum. This is supported by the observed velocity of the X-ray line S XVI Lyα (Figure 6b ; Henley et al. 2008) . The time variations in radial velocity for both lines are similar: they become more blue-shifted near φ = 0 and then shift to projected velocities near zero. However, the velocity of the S XVI Lyα line just prior to the low-excitation event is more than a factor of 2 larger than that of He II λ4686 line. This is surprising, since we expect the S XVI Lyα line to be emitted close to the apex, where the flow velocity is slower than it is downstream along the WWC region. On the other hand, near φ=0, the WWC gets very distorted and unstable, which could result in a mixed contribution from different regions.
The interpretation of the He II λ4686 radial velocity curve is not as simple as in other colliding wind systems because of the severe Coriolis distortion of the shock near periastron passage. As the stars approach periastron, the leading and the trailing arms of the shock are subject to different drag forces and the cone is heavily distorted. In addition, the inner zones, close to the apex, revolves fast in a spiraling pattern. Because of these complications, the projected radial velocities of the gas which produces the observable emission cannot be modeled using a simpler, rigid-cone geometry as has been used effectively for other colliding wind binary systems.
It is interesting to notice that the radial velocity of the peak of the He II λ4686 line emission shifts to the blue almost at the same time as the He I λ10830 P Cyg absorption shows a high-velocity absorption component bluer than −900 km s −1 (Groh et al. 2010) . Since the velocity field of the WWC region has a complex pattern close to periastron, we expect to see a wide range of velocities and this is in fact present in the large FWHM of those two lines. However, this interpretation may be too simple, since the absorption component samples a very limited region in our line of sight while the emission receives contributions from many other regions.
We should only see high positive velocities coming from the WWC region when it is pointing away from us, during periastron passage. Due to the high orbital eccentricity, the WWC cone does not rotate much until just before periastron passage, which means that the time spent by the WWC cone pointing away from the observer is very short. From Fig. 6 , it is evident that the maximum negative radial velocity occurs for P2, which is detected between day −5 and −10. Therefore, based on symmetry arguments for the motion of the secondary around the primary, the maximum positive radial velocity should occur somewhere between day +5 and +10, which corresponds to the interval when the He II λ4686 line is absent. Note, however, that this interval coincidently may occur at the same time as the disruption of the WWC region.
The radial velocity of the peak of the He II λ4686 line profile showed the same behavior for events #11 and #12: it reached up to −450 km s −1 just before the minimum and completely vanished during 5 days (from day +5 to +10). After that, the peak was detected again with a radial velocity of −100 km s −1 , which changed to about zero ∼40 days after φ = 0. He II λ4686 X−rays (observed) X−rays (+16.5 days) Figure 7 . Equivalent width curve of He II λ4686 (symbols) over plotted with the 2-10 keV X-ray flux. In both panels, the observed X-ray flux is illustrated by the dotted gray line (from Corcoran 2005) , while the solid black line was shifted by +16.5 days. Panel (a) is for cycle #12 and (b) is for #11. ure 7b), possibly because of sparser monitoring and/or lower quality He II λ4686 data. This suggests a possible connection between the X-ray and the He II λ4686 behavior. The delay of 16.5 days could be interpreted as the flow time of the shocked material, from the region where X-rays are created (in the WWC apex) to that where the temperature has dropped below 6 × 10 5 K, allowing for the recombination of He ++ into He + . If so, assuming a flow velocity of 500 km s −1 for the shocked material (terminal velocity of the primary's wind; Hillier et al. 2001; Pittard & Corcoran 2002) , then the bulk of the He II λ4686 emission should come from a region 4 − 5 AU from the apex, which is consistent with the results of 3D models (Parkin et al. 2011) , which predict a temperature of ∼ 10 5 K in the primary's shocked stellar wind at that distance from the apex.
It is interesting to notice that the X-ray light curve of WR140
10 is similar to that of η Car in the sense 10 This system is the archetypal of the colliding wind binaries and is composed of a WC7+O4-5 binary in a highly eccentric (∼ 0.896), long period (∼ 2896.5 days) orbit (see Williams et al. 1990 that there is a gradual increase until a maximum, followed by a sharp decrease (Williams 2011; Corcoran et al. 2011) . The main difference between these X-ray light curves is the duration of the X-ray minimum, which is much longer for η Car (perhaps caused by the collapse of the WWC region, as discussed in the next section). Another important difference is the presence of X-rays flares in η Car when approaching periastron, which are not seen in WR140; this might suggest that in the stellar wind of the WC7 primary component of WR 140, the clumps are smaller than those in the LBV primary star in η Car (Moffat & Corcoran 2009 ).
He II λ4686 far from periastron
The faint emission seen along most of the orbit could be emitted in the WWC itself, since far from periastron, the density in the shock is smaller and the efficiency of He II λ4686 pumping is lower. However, since cooling is less efficient at lower density, the emission would occur farther from the apex, as compared to the strong emission at periastron. The speed of the shocked gas should be larger than it is near the apex, resulting in larger emission line velocities. Since at those phases the shock cone points in our direction, the observed radial velocity should be shifted to very negative values, different to what is observed, unless the opening angle of the cone increases by a large factor.
In principle, the He II λ4686 emission could be formed in the inner wind of the primary star, according to models computed by Hillier et al. (2001 Hillier et al. ( , 2006 . The problem then would be to explain its disappearance at periastron, since at that phase the primary star is at our side.
Another possibility is that the stellar wind of the secondary star would be the source of the faint He II λ4686 emission seen near apastron. Studies of the photoionization of the ejecta around the system suggest that the companion star has effective temperature between 37,000 and 43,000 K and luminosity between 10 5 − 10 6 L ⊙ (Mehner et al. 2010a; Verner et al. 2005; Teodoro et al. 2008) . As discussed by Hillier et al. (2006) , a companion star with T eff = 33, 000 K and L = 10 6 L ⊙ would not have its spectral lines detected in the optical, since the flux of the primary star is at least a factor of ∼ 25 higher than that of the companion at those wavelengths.
In any case, if the secondary star was the source of the faint He II λ4686 line observed far from periastron, the emission should be stronger near apastron than far from it, since the WWC cavity is opened toward us at those phases (Pittard & Corcoran 2002; Okazaki et al. 2008; Parkin et al. 2009 Parkin et al. , 2011 .
However, as seen in Fig. 4 , the emission line intensity at φ = 0.45 (close to apastron) is not stronger than at φ = 0.26 or at φ = 0.897, when the secondary is closer to periastron. Therefore, the only region left to be responsible for the production of the He II λ4686 at apastron is the WWC shock. In the next section, we will show that this line is formed in the WWC at periastron too.
DISCUSSION
Peak P2 (the absolute maximum) in the intrinsic luminosity of the He II λ4686 line emission corresponds to an emitted power of 1.2 × 10 36 erg s −1 (recall that this is a lower limit because of uncertainties in the extinction correction). This large luminosity is emitted in only a single atomic transition. The secondary wind is already excluded as the source of the emission because the mechanism of illumination of its unshocked stellar wind by the hard UV/soft X-rays produced in the WWC region, proposed by Steiner & Damineli (2004) , does not account for the revised intrinsic photon flux of the He II λ4686 line. There are only two regions in which this enormous He II λ4686 luminosity could be produced: the shocked stellar wind of the primary or the shocked stellar wind of the secondary star.
Recent 3D models including inhibition effects (Parkin et al. 2009) show that the wind of the secondary star close to periastron must collide with a slower pre-shock velocity (∼ 1, 400 km s −1 ) due to the strong radiation field of the primary star (a process known as radiative inhibition). In this case, the shocked wind of the secondary near periastron would produce emission at lower energies than if the winds collided at terminal velocity. This softer emission might lead to an increase of flux near the peak of the He + ionization threshold at 0.0544 keV. To test this, we adopted the results of 3D simulations (Parkin et al. 2009 (Parkin et al. , 2011 for the intrinsic spectral energy distribution (SED) of the shocked secondary's wind (Fig. 8) and used them to calculate the total power produced in the hard UV/soft X-ray domain during periastron passage (we extrapolated the SED down to 0.0544 keV and then integrated it from 0.0544 to 0.550 keV). This model predicts an intrinsic luminosity L 0 = 7 × 10 37 erg s −1 produced by the thermalization of the shocked secondary's wind. We then used the CLOUDY photoionization code to derive what fraction of the total He II recombination emission would correspond to the transition from n = 4 to n = 3 in a high excitation nebula with density of n e ∼ 10 10 cm −3 (suitable for the shocked secondary's wind). We found that He II λ4686 accounts for less than 0.3 per cent of the total He II emission. Therefore, the secondary's thermalized shocked wind would have to have an intrinsic luminosity of
in order to account for the intrinsic luminosity of He II λ4686. This value is almost 2 orders of magnitude higher than that calculated by 3D models, and therefore, we take this as strong evidence that the He II λ4686 emission line does not originate in the secondary's shocked wind (even in the most favorable case where radiative inhibition causes the shock to occur at velocities lower than terminal). The temperature, density and velocity of the primary's shocked stellar wind favor the production of photons with energy in the hard UV/soft X-ray domain suitable for ionizing or exciting He + . Inside the high density (n e ∼ 10 10 cm −3 ) and low temperature (< 10 5 K) shocked primary's wind, both the photoionization due to the X-ray and stellar radiation fields increase the extent of the He ++ region. This would naturally increase the number of recombining ions contributing to the line emission, which could account for the intrinsic luminosity of He II λ4686 near periastron. Furthermore, radiative effects in He + can also increase the population in the n = 2 level from where He + can be easily ionized by any photon with hν > 13.6 eV (i.e. photons in the hydrogen Lyman continuum). Therefore, the intrinsic SED of the shocked primary's wind from 3D models would be of great interest to determine the exact amount of He II λ4686 emission within this region -this study, however, is beyond the scope of the present paper. Therefore, based on the intrinsically high luminosity of the He II λ4686 emission line, we exclude all other possible regions but the primary's post-shocked wind as the region where the strong emission seen near periastron is formed.
The time delay of 16.5 days between the X-ray and the He II λ4686 light curves could be determined by the time flow of the gas from the WWC apex up to the location where He II λ4686 is emitted. The maximum distance could be estimated by adopting the flow velocity as the primary's wind terminal speed (500 km s −1 ), which amounts to 4 − 5 AU from the apex. However, the real distance should be much smaller than that, since close to the apex the winds collide almost radially. The high density at periastron leads to very fast cooling, so that the He II λ4686 line should be formed not very far from Since the He II λ4686 emitting region is close to the WWC apex, which is very close to the primary star at periastron it could be eclipsed by the wind of the primary star for an intermediate orbital inclination. The expected duration of the eclipse of the He II λ4686 emitting region by the primary's stellar wind would be shorter than the X-ray emitting region, as the former is larger than the latter. In fact, the 2009.0 minimum in He II λ4686 lasted for a week as compared to the 4 weeks for the X-ray minimum. Both minima were centered at φ=0.005, reinforcing the nature of the He II λ4686 and the X-ray minima as due to occultation. Soon after the minimum, the He II λ4686 starts rising again, reaching a local maximum (P3) in the phase range ∆φ = 0.01 − 0.03 (a duration of 40 days). Interestingly, the 2 − 10 keV X-ray emission increased very slowly at that time interval. We interpret this as a collapse of the WWC shock into deeper regions of the secondary stellar wind, where it is still being accelerated. As discussed by Parkin et al. (2009 ), Corcoran et al. (2010 and Parkin et al. (2011) , radiative inhibition of the secondary's wind might lead to a collapse of the WWC onto the "surface" of the secondary when stars approach periastron. Of course, since the secondary star has a strong wind, it is likely that the momentum balance occurs at a radius larger than its photosphere. Accretion onto the companion star might also play a role Soker 2007 ), but is not a necessary condition to describe the observed phenomena. Thus, the secondary's wind is dominated by the radiation from the primary star (radiative inhibition) for a brief period and the hard X-ray source near the WWC apex is switched off. The associated He II λ4686 emission may be absent during this time until the WWC forms anew. In the collapsed state, the WWC shock cone should be narrower, but still a powerful source at extreme UV energies, since the stellar winds continue to collide downstream of the stagnation Figure 9 . Continuum-normalized line profile of Hδ at approximately the same phase (indicated in the legend), along the last four cycles. Moderate variability at a low level is present, but no strong change in the line strength (which would be expected if the mass loss rate dropped by a factor of 2) was seen in any of the four cycles.
point.
As the stars separate after periastron passage, there should be a point in the orbit when the winds collide at their full terminal speeds once again. At that time, the WWC shock would be restored, and consequently the hard X-rays emission would restart. However, the wind of the secondary needs to do extra work to push back the primary's wind. This is probably not a smooth process, because the momentum equilibrium in the WWC apex does not only depend on the global properties of the winds, but also on local properties: clumps driven by radiative instabilities in the primary wind (Moffat & Corcoran 2009 ) might produce stochastic variability as the wind-wind shock front tries to reform. Changes in the clump properties could in principle explain why the minimum in X-rays was much shorter in cycle #12 than in cycles #11 and #10, without needing to invoke a decrease by a factor of two in the mass-loss rate of the primary star (Corcoran et al. 2010) . Also, lines formed deep in the primary's wind do not show particular changes in cycle #12 compared to earlier cycles. Fig. 9 displays line profiles of the line Hδ taken almost at the same orbital phase (φ ∼ 0.3) along the last 4 cycles (data obtained with FEROS/ESO and OPD/LNA). There are only small-scale variations in the P Cygni absorption strength and terminal speed. This line is relevant, since it is formed in regions of the primary's wind little affected by the WWC shock in the interval ∆φ = 0.2 − 0.8, as can be seen in Fig. 10 (which is based on the model by Hillier et al. 2001) . In this figure, the circles indicate the radii of maximum emissivity for different spectral lines. We also indicate the zone inside which the Hδ emissivity is larger than 50 per cent of the peak intensity (dotted circle). Hα is affected by the WWC for most of the orbit and Fe II lines, formed at much larger distances from the central star 11 , are disturbed by the WWC even at apastron. In this way, changes reported by Mehner et al. Figure 10 . Projection of the orbital plane, relative to the position of the primary star (e = 0.9 and P = 2022.7 days). The concentric dashed circles correspond to the region of maximum emissivity of each labelled line. The gray shaded area indicates the zone where Hδ emissivity is higher than 50 per cent of its maximum. The primary star is drawn to scale, with R * = 60 R ⊙ . The red × symbols are drawn at each 0.1 in phase and the blue squares and numbers indicate the cycle+phase when the spectra shown in Fig. 9 were obtained. The dashed paraboloid indicates the position of the WWC shock at φ = 0.8 and stellar mass of 90 M ⊙ and 30 M ⊙ for the primary and secondary star, respectively.
(2010b) in those lines cannot be attributed to the global properties of the primary's wind, but are probably driven by fluctuations in the WWC.
CONCLUSIONS
In this paper, we present data from the last 4 low excitation events in η Car in the light of the He II λ4686 emission line. We summarize our results and conclusions below.
• The He II λ4686 line is present at a faint level along most of the 5.538 yr cycle;
• two months before periastron, the He II λ4686 line strength increases dramatically with large flare-like oscillations on a timescale of weeks, similar to the X-ray "flares" seen just prior to periastron passage;
• in the 2009.0 event, just before the minimum, there were 2 distinct peaks (P1 and P2) in the line equivalent width. Peaks P1 and P2 are correlated with flares seen in the X-rays light curve, after shifting the later by +16.5 days. They are not phase-locked and are probably due to localized density enhancements (clumps) in the primary's stellar wind;
• there is an abrupt decrease in the line emission, reaching a minimum centered at φ = 0.005. This minimum is centered at the same phase as the Xray minimum, but lasts only a week. We argue that this minimum is an occultation of the He II λ4686 emitting region by the primary's stellar wind;
• the fact that the disappearance of He II λ4686 emission in the central source and at the FOS4 position (in the SE lobe of the Homunculus) occurs close in time (but not simultaneously) is not an argument against an occultation, since the binary system revolves very quickly at periastron;
• in the 2009.0 event, after the minimum, the He II λ4686 equivalent width shows another peak (P3), which appears to repeat from cycle to cycle. This peak is not correlated with the X-ray variation, as the He II λ4686 emission is in the high state when X-rays are very low. This He II λ4686 peak occurs in the phase range ∆φ = 1.01 − 1.035;
• a potential mechanism to explain the P3 peak is a collapse of the WWC onto the "surface" of the secondary star due to radiative inhibition of the secondary's wind by photons from the primary star, which could shift most of the energy of the shocked gas to lower energies near the He + ionization threshold;
• if the collapse scenario is valid, periastron occurs at φ ∼ 0.02 or a little earlier;
• the He II λ4686 equivalent width did not display the early recovery seen in X-rays after the 2009.0 event. We suggest that the recovery of the WWC region from the collapse phase is driven by localized instabilities/clumps in the primary's wind as suggested by Akashi et al. (2006) . Moffat & Corcoran (2009) suggested that clumps might explain flares in the X-ray light-curve, and might control the momentum balance at scales on the clump size (∼ 1 AU).
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